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JPL OPTICAL COMMUNICATIONS \

PROGRAM STRUCTURE

JPL OPTICAL COMM

PROGRAM
NASA CODE C NASA CODE O NASA CODE O
SPACECRAFT RECEPTION DEMOs
TECHNOLOGY SYSTEMS GOPEX/CEMERLL
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OPTICAL COMMUNICATIONS DEMONSTRATOR
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JPL

OCD Instrument Characteristics

Breadboard model of future flight terminal
Minimimum complexity to keep mass and power down
®1 steering mirror
® 1 detector for ACK/TRK/point ahead
Fiber coupled laser for versatility and thermal control
Supports >100 Mbps LEO to Ground (325 Mbps goal)

Engineering model for deep space microspacecraft
optical comm terminal (e.g 4 kbps from Pluto)

® Remove gimbal

® Change laser




OPTICAL COMMUNICATION SYSTEM
OPTICS LAYOUT

2 AXISSTEERING

M!RROR

COLLIMATING
LENS

SINGLEMCDE
FIBER

RELAY
’ LENS

\

AFOCAL TELESCOPE

SECONUARY MIHROR

SPECTRAL
BEAM
SPLITTER

\ FoLo

MODUIATED
LASER SOURCE

NARROW BAND
FILTER

FOCAL
PLANE
ARRAY

\‘RECEWER

IMAGER

AFOCAL TELESCOPE
PRIMARY MIRROR
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OPTICAL COMMUNICATIONS TECHNOLOGY DEVELOPMENT
JPL ACCOMPLISHMENTS (Cent'd)

o IDENTIFIED CANDIDATE SITES FOR AVM DEPLOYMENT
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\ [ {
. S 9 -
N F-9 L — e —
‘. I‘ o HUALAPAI
\\ . 7
GOLDSTONE @~ |
o ®TMO N
MT. WILSON '

@ SOUTH BALDY

MT.LAGUNA @ '

1
I
I
!
!
|
|
|
|
|
i
!
!
!
{
o

K. COWLES 310-20-67 DSN ADVANCED SYSTEMS REVIEW JUNE 1989

. MT.LEMMON @ @ SACRAMENTO
S 1 PEAK
... reAR S
NS @MLHOPKINS p———{
\
o @ MT. LOCKE
. .
) | oy
N /
-« 1!
S 7
PG 13 OF 23



OPTICAL COMMUNICATIONS TECHNOLOGY DEVELOPMENT

ACCOMPLISHMENTS (Cent'd)
J P L OPTICAL COMMUNICATIONS SYSTEM STUDIES

® IDENTIFIED POSSIBLE ALTERNATIVE ANTENNA DESIGN TO DSORA: CALTECH
LEIGHTON DISH
. 10.4 m DIAMETER/PRIMARY MIRROR, 84 PANELS
. SURFACE FLATNESS: 80uM OVER 10 m - DAYTIME
40 UM OVER 10 m - NIGHTTIME

® CALTECH COST TO BUILD~ 82 M

® MEASURED MIRROR SUBSTRATE CHARACTERISTICS AND FIGURE MAKE MODIFIED
LEIGHTON DISH A POSSIBLE CANDIDATE FOR PROTOTYPE OPTICAL RECEIVER

® NEXT STEPS

® RESEARCH OTHER LARGE APERTURE STRUCTURES AND SELECT Candidates FOR
FURTHER STUDY

® PERFORM DETAILED STUDY OF LEIGHTON DISH AND OTHER SELECTED ANTENNAS
e DETERMINE MODIFICATIONS NEEDED TO ACHIEVE REQUIRED PERFORMANCE
e DETERMINE COSTS OF MODIFICATIONS AND ESTIMATE TIME TO COMPLETE BUILD
D. WONICA 310-20-67 DSN ADVANCED SYSTENMS REVIEW JUNE 1223 PG 24 0F 25



JBL N\

Deep Space Relay Satellite System (DSRSS) |

STUDIES COMPLETED AT:
TRW

Stanford Telecommunications

BOTH CONTRACTORS FOUND

OPTICAL COMMUNICATIONS TO BE ¢
SPACEBORNE RECEPTION STATION MORE COST EFFECTWE THAN RF

FOR ORBITING RECEPT!ON

W
®
v
¥




OPTICAL COMMUNICATIONS TECHNOLOGY DEVELOPMENT

ACCOMPLISHMENTS SINCE JUNE 1991
JPL NMSU OPTICAL FILTER RESEARCH
—

o DESIGNED, CONSTRUCTED AND TESTED 780 nm FADOF FILTER

OFE RESONANCE \%

CENTER FREQUENCY 380 THz

1.0 I FADOF FILTER
% 0.8 T=85°C e PERFORMANCE (MEASURED)
n 0.6 ¢ 50dB OUT-OF-BAND REJECTION
wn
S 04 * 90% RELATIVE TRANSMISSION
2 | + 63% ABSOLUTE TRANSMISSION
= 0.2 (80% POSSIBLE WITH ANT! -

00 i REFLECTION COATINGS)

7, i !

-7 -5 -3 11 3 5 7

FREQUENCY (GHz)
¢ PERFORMANCE AGREES WITH THEORY AND CAN BE EXTENDED TO OTHER WAVELENGTHS

T. SHAY 210-20-57 DSN ADVANCED SYSTEMS REVIEW JUNE 992 PG 20 0F 22




OPTICAL COMMUNICATIONS TECHNOLOGY DEVELOPMENT

ACCOMPLISHMENTS (CONT'D)
JPL NMSU OPTICAL FILTER RESEARCH
—

e DEMONSTRATED IMAGE PRESERVATION FEATURE OF FADOF (IMPORTANT FOR
FILTERING RECEIVED SIGNALS PRIOR TO ACK/ TRK DETECTION)

TARGET IMAGES (WITHOUT FADOF)

W!I' THOUT
BACKGROUND

WITH
BACKGROUND

WITH
BACKGROUND

T. SHAY 310-20-57 DSN ADVANCED SYSTEMS REVIEW JUNE “092 PG2* OF 23
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GALILEO OPTICAL EXPERIMENT (GOPEX)

OBJECTIVES

- ® DEMONSTRATE OPTICAL COMMUNICATIONS OVER DEEP
SPACE DISTANCES

e VERIFY FEASIBILITY OF UPLINK OPTICAL BEAM POINTING
BASED ON TRAJECTORY PREDICTS ONLY

® VALIDATE OPTICAL TELECOMMUNICATIONS PERFORMANCE
PREDICTION MODELS
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OPTICAL COMMUNICATIONS TECHNOLOGY DEVELOPMENT

ACCOMPLISHMENTS (Cent'd) g
—JPL LITES —_—

e pLANNED COMPENSATED EARTH-MOON-EARTH RETROREFLECTOR LASER LINK
(CEMERLL) OCTOBER - DECEMBER 1993

e DEMONSTRATION WILL:
o COMPARE COMPENSATED AND UNCOMPENSATED LASER TRANSMISSIONS

o« ASSESS RELEVANCE OF RECENTLY DECLASSIFIED ATMOSPHERE-COMPENSATED
LASER PROPAGATION WORK TO OPTICAL COMMUNICATIONS

LUNAR RETRO-
REFLECTORS

YA LASER GUIDE STAR
7 el
7 —
i 0
@ ATMOSPHERE @

(EED 35 M 15M ;{i’g}i f
Bl pim) RECEVER TRANSMITTERE. o = 4.
UNCOMPENSATED COMPENSATED

® EXPECT UP TO 20 dB ENHANCEMENT OVER UNCOMPENSATED UPLINK
e Up TO 40 dB OVER EXISTING LUNAR LASER RANGING FACILITIES

e COST SAVINGS FOR UPLINK BEACON OPTICAL TRAIN
® RELAXES Requirement FOR COSTLY H\ GH DAMAGE-THRESHOLD OPTICS
D. WON'CA/

K. W'LSON 310-20-67 DSN ADVANCED SYSTEMS REVIEW JUNE 1003 PG 20 0OF 25

35M™
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